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Abstract: Background: Despite the fact that tobacco use during pregnancy produces adverse perinatal
effects, some women continue to smoke. Health literacy (HL) is essential for health outcomes in adults.
However, little is known about HL in pregnant women or postpartum women. The study aimed
to analyse the relationship between the degree of HL of women during the early puerperium and
tobacco use during pregnancy. Methods: A multicentre, descriptive, cross-sectional study was carried
out with women in the early puerperium in a region of eastern Spain, between November 2017 and
May 2018. Their HL level was obtained using the Newest Vital Sign (NVS) tool. Multivariate logistic
models were adjusted to estimate the magnitude of association with tobacco use in pregnancy. Odds
ratios (OR) were estimated with a 95% confidence interval. Results: 193 were included in the total.
29.5% (57) of pregnant women smoked tobacco during pregnancy, with a smoking cessation rate of
70.1% (40) while pregnant. 42.0% (81) of pregnant women had inadequate or limited HL. A low level
of HL was strongly associated with tobacco use, adjusted by catchment area and age of first pregnancy
(LRT p < 0.001; ROC curve = 0.71, 95% CI: 0.64–0.79). Conclusion: A low HL is associated with tobacco
consumption during pregnancy. Whether low HL reflects the wide constellation of already-known
socioeconomic, political and commercial determinants of tobacco use, or whether incorporating
HL support interventions strengthens tobacco cessation activities in pregnancy, warrants further
research. Still, it should be considered as essential to understanding the health disparities related to
its consumption.
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1. Introduction
Tobacco use has been identified as the most important cause of preventable death, adversely
affecting the cardiovascular and respiratory systems and perinatal health [1]. The World Health
Organisation advises pregnant women to abstain from tobacco use as there is no safe threshold [2].
Indeed, different authors have reported that tobacco use produces a wide range of adverse perinatal
outcomes such as the increased risk of abortion, foetal loss, preterm delivery, low birth weight,
premature rupture of membranes, premature placental abruption, or delayed foetal growth [3,4].
Despite extensive information being available on the risks of tobacco smoking for the foetus during
pregnancy, some women continue to smoke [5]. Most countries lack current data on the prevalence
of tobacco use during pregnancy [6]. Estimates suggest, however, that 1.7% of pregnant women
worldwide are smokers. In Europe, it is estimated that 8.1% of the pregnant population smokes, a
figure considerably higher than the global average [6]. In Spain, the figures are even more discouraging,
ranging between 30–45% of women smoking tobacco in early pregnancy [7,8], although around 40% of
those usually quit within the first trimester of pregnancy [7].
To analyse tobacco use during pregnancy, different methods have been used to measure tobacco
exposure, including self-administered questionnaires, measurements of expired carbon monoxide or
cotinine concentration in urine [9,10].
Health literacy (HL) relates to the user’s knowledge and skills in decision-making in a medical
and social context [11]. These skills include reading, writing, making calculations, communicating,
searching for information, using electronic technologies and solving problems, all of which are
essentially personal and social skills for navigating the health system [12,13].
Currently, there are different standardised and validated instruments available for assessing HL,
mostly in English [14] and focused on North American citizens. In Europe, there is a collaboration
to standardise a valid questionnaire [11] applicable to European people [15]. In Spanish, there are
previously validated and widely recognised questionnaires, such as Short Assessment of Health
Literacy for Spanish Adults (SAHLSA_50) [16–18], Newest Vital Sign (NVS) [19–22] and Single Item
Literacy Screener (SILS) [23].
There is currently controversy regarding the routine use of population screening for HL. Some
experts recommend considering the entire population as having a low HL level [24], claiming
that routine screening of HL has not shown benefits and could have undesired effects. On the
contrary, different professional organisations [11,25] promote HL screening to reach the largest possible
population and provide understandable and accessible information, regardless of the level of HL.
Multiple bio-psycho-social and economic factors influence both decisions to start and quit smoking
tobacco [16,26–28]. HL is emerging as a fundamental mediator for such decisions [29]. Limited or poor
HL appears to be a crucial factor in smoking from adolescence [30] to adults over 50 years [31].
Different studies on possible demographic predictors related to smoking have been published
internationally, although the benefit of interventions carried out during pregnancy is still inadequate [5,
32–34]. Little is known about the impact of health literacy on women’s health and tobacco use
in pregnancy.
Therefore, this study aimed to analyse the relationship between the HL of puerperal women and
tobacco consumption during pregnancy.
2. Methods
2.1. Design, Population, and Sample
A multicentre, descriptive, cross-sectional study was carried out through a survey in women in
the early puerperium (48 h postpartum), who gave birth at the Lluis Alcanyís Hospital (LLAH) and
La Ribera University Hospital (LRUH), both abutting at the southern area of Valencia (Spain). These
hospitals serve a population of 250,000 and 210,000 inhabitants, respectively, with an annual average
of 1800 (LRUH) and 1100 (LLAH) births in the year the study was carried out.
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Postpartum women during November 2017 and May 2018 were included. Those women with
visual and hearing disabilities that prevented them from completing the questionnaire, women
with neuro-cognitive pathology, dementia or diagnosed mental health disorders, those refusing to
participate in the study, those with a language barrier that hindered understanding, or those under 18,
were excluded.
Assuming a prevalence of 20% tobacco use in the adequate HL group, admitting a literacy ratio of
2:1 (adequate: inadequate) with 80% statistical power and a type I error of 0.05%, to detect a prevalence
of 40% in the inadequate HL group, 189 participants were necessary for the study. To account for 5% of
possible attrition, we estimated a sample of 198 participating women.
It should be highlighted that the only behaviour considered by interviewers and participants
was tobacco smoking, no data was gathered regarding marijuana or other tobacco-related products
(e-cigarettes, snus, cigars, chewing tobacco, water pipes, etc.)
The study was carried out according to the principles of the Declaration of Helsinki for all medical
research. The study was approved by the LRUH Ethics (HULR20170917) and Research Committee on
27/09/17.
2.2. Data Collection
Prior to data collection, written consent was requested from each participant. Systematic sampling
was carried out for the recruitment process, conducting interviews every 7 days with women admitted
to the maternity ward on each of the days at each hospital. Data were obtained following two different
methods: interviews (sociodemographic, obstetrical and level of HL variables) and electronic health
records review (variables related to tobacco use).
During the immediate puerperium (24–48 h postpartum), an interview was carried out with each
woman to analyse their level of HL and collect different sociodemographic variables (age, country of
origin, marital status, occupation and activity of the pregnant woman and her partner, and education
level) and obstetric characteristics (gestational age, parity, type of delivery and type of obstetric risk).
The participants’ HL was estimated using the Newest Vital Sign (NVS) tool. The tool evaluates
reading comprehension and numerical skills based on six questions about the label of the nutritional
composition of an ice-cream. The score is continuous quantitative on 6 possible points, corresponding
to inadequate (0–1 points), limited (2–3 points) and adequate (4–6 points) health literacy. This tool has
been validated for the Hispanic population residing in the United States. It has high sensitivity, but it
may misclassify people with adequate literacy [35]. This tool has also been validated for the Spanish
speaking population, with moderate reliability (Cronbach α = 0.69) [22].
During prenatal follow-up, midwives in Primary Care interviewed women regarding tobacco use
in each of the trimesters, and it was registered in their electronic health records: (1) tobacco consumed
during pregnancy; (2) the number of cigarettes per day (mean self-reported cigarettes smoked per day);
(3) in case of quitting, in which trimester it took place.
2.3. Statistical Analysis
A descriptive analysis of all variables was performed by calculating frequencies of qualitative
variables, and the minimum, maximum, mean and standard deviation values for quantitative variables.
The factors associated with HL measured by the NVS screening tool were analysed, as well as
tobacco use during pregnancy using contingency tables, applying the Chi-Square test or Fisher’s exact
test for qualitative variables, and comparison of mean values for the quantitative ones, applying the
Student’s t-test.
Multivariate logistic models were adjusted to estimate the magnitude of association with tobacco
consumption in pregnancy. Odds Ratios (OR) were estimated along with their 95% CI. A stepwise
variable selection procedure was performed based on the AIC (Akaike Information Criterium).
Goodness-of-fit indicators and predictive indicators, such as the ROC curve, are shown. Analyses
were performed using SPSS v.25 (IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version
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25.0. Armonk, NY, USA) and R v.3.6.0 software (R Core Team (2019). R Foundation for Statistical
Computing, Vienna, Austria), for a statistical significance <0.05.
3. Results
Out of 200 women who were informed about the study, 7 women (3.5%) did not wish to or could
not participate for different reasons: 4 of them (57.2%) did not wish to participate, and 3 (42.8%)
presented a language barrier. The final sample included 193 women (96.5%).
The mean age of the women surveyed was 32.9 (SD 5.4), with the mean age of the first pregnancy
being 29.5 (SD 5.6) years. 53.3% (103) of the women of the sample were primiparous. The mean
gestational week at delivery was 39.2 (SD 1.4). 29.5% (57) of the women smoked while pregnant, with
a mean of 7.2 (SD 4.2) cigarettes per day at the beginning of the pregnancy. Table 1 shows the rest of
socio-demographic, clinical and obstetric characteristics of the sample with the grouped variables.
We observed that the prevalence of smokers was significantly higher in the catchment area of La Ribera
(p = 0.003), in single-divorced-separated (p = 0.003) and in the low education level group (p = 0.017),
as well as in limited or inadequate HL group (p = 0.004).
Table 1. Clinical and sociodemographic characteristics of the sample by smoker status (N = 193).
Variable
Total SMOKER
YES NO
n = 57 n = 136
N % N % N % p-Value
CATCHMENT AREA
Ribera 145 75.1 51 89.5 94 69.1 0.003 *
Xativa-Ontinyent 48 24.9 6 10.5 42 30.9
MARITAL STATUS
Single-divorced-separated 74 38.3 31 54.4 43 31.6 0.003 *
Married 119 61.7 26 45.6 93 68.4
EDUCATION LEVEL
No studies or Primary Ed. 58 30.1 24 42.1 34 25.0 0.017 *
VET 31 16.1 11 19.3 20 14.7
HNC 49 25.4 15 26.3 34 25.0
Bachelor’s degree 29 15.0 3 5.3 26 19.1
University degree 26 13.5 4 7.0 22 16.2
OCCUPATION
Salaried 114 59.1 31 54.4 83 61.0 0.689
Unemployed 48 24.9 16 28.1 32 23.5
Others (Student. SE) 31 16.1 10 17.5 21 15.4
SECTOR
Administration 43 23.0 14 24.6 29 21.3 0.361
Unemployed 62 33.2 23 40.4 39 28.7
Healthcare 22 11.8 4 7.0 18 13.2
Services 21 11.2 4 7.0 17 12.5
Others (Industry. Education) 39 20.9 11 19.3 28 20.6
COUNTRY OF ORIGIN
Spain 177 91.7 52 91.2 125 91.9 0.875
Other 16 8.3 5 8.8 11 8.1
PARTNER’S OCCUPATION
Entrepreneur 21 10.9 6 10.5 15 11.0 0.943
Salaried worker 157 81.3 46 80.7 111 81.6
Others 15 7.8 5 8.8 10 7.4
PREGNANCY RISK
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Table 1. Cont.
Variable
Total SMOKER
YES NO
n = 57 n = 136
N % N % N % p-Value
Low risk 154 79.8 42 73.7 112 82.4 0.171
High risk 39 20.2 15 26.3 24 17.6
HEALTH LITERACY
Adequate 112 58.0 24 42.1 88 64.7 0.004 *
Limited or inadequate 81 42.0 33 57.9 48 35.3
* p < 0.05 Chi-Square or Fisher’s exact tests. VET: Vocational Education and Training; HNC: Certificate of Higher
Education (HNC); SE: Self-employed; NVS: Newest Vital Sign.
The smoking cessation rate during pregnancy was 70.2% (40). Pregnant women who did not
quit during pregnancy had a mean tobacco use of 8.35 (SD 4.8) cigarettes per day, compared to those
who quit smoking, with 6.7 (SD 3.9) cigarettes per day. The differences found were not statistically
significant between the mean tobacco consumption and smoking cessation rate (n = 57; p = 0.267).
Smoking cessation rate during the first trimester was 36.8% (21), in the second, 22.8% (13), and in the
third, 10.5% (6). 29.8% (17) of the pregnant women did not quit.
Table 2 shows the tabular forms of quantitative variables by level of HL. As for HL, the mean score
for the NVS scale was 3.7 (SD 1.6) points. These values were categorised into inadequate HL (9.3%
(18)), limited HL (32.6% (63)) and adequate HL (58.0% (112)). Due to scarce number of cases in the
Inadequate HL category, Inadequate and Limited HL were combined, in order to calculate chi-square.
Table 2. Quantitative variables as per level of HL, ANOVA test.
Variable N Mean SD p-Value
NUMBER CIGARETTES/DAY
Adequate HL 24 7.0 4.4 0.821
Limited or inadequate HL 33 7.3 4.1
AGE
Adequate HL 112 33.3 4.9 0.255
Limited or inadequate HL 81 32.3 6.0
PARITY
Adequate HL 112 1.6 1.0 0.572
Limited or inadequate HL 81 1.7 0.9
AGE FIRST PREGNANCY
Adequate HL 112 30.0 4.9 0.177
Limited or inadequate HL 81 28.9 6.4
GESTATIONAL AGE
Adequate HL 112 39.2 1.4 0.800
Limited or inadequate HL 81 39.1 1.4
HL: Health literacy; SD: Standard deviation.
Table 3 shows the percentage of level of HL category for quitters/no quitters. Of the 24 women
with Adequate HL, 16 (67%) quit. Regarding those with inadequate or limited HL, a larger percentage
quit (24% of 33% or 72%).
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Table 3. Percentage of level of HL for quitters/no quitters (n = 57).
Variable
SMOKING CESSATION DURING
GESTATION
Quits Does Not Quit
n = 40 n = 17
N % N % p-Value
HEALTH LITERACY
Adequate HL 16 66.7 8 33.3 0.771
Inadequate or limited HL 24 72.7 9 27.3
HL: Health Literacy by Newest Vital Sign.
The degree of health literacy and the rest of variables were presented in Table 4. The results
suggest that the higher the level of education, the higher the HL (p < 0.001). Salaried workers had a
higher level of HL than those unemployed (p = 0.041), just like women working in administration or in
the health sector, who had a higher HL than those unemployed or those working in the service sector
(p = 0.008). Non-smokers had a higher HL than smokers (p = 0.004). Women with low-risk pregnancies
had a higher HL than those at high risk (p = 0.016).
Table 4. Relationship between the degree of HL and clinical and sociodemographic variables (N = 193).
Variable
Adequate HL Inadequate orLimited HL
n = 112 n = 81
N % n % p-Value
CATCHMENT AREA
Ribera 83 57.2 62 42.8 0.828
Xativa-Ontinyent 29 60.4 19 39.6
MARITAL STATUS
Single-divorced-separated 36 48.6 38 51.4 0.037 *
Married 76 63.9 43 36.1
LEVEL OF EDUCATION
No studies or Primary Ed. 20 34.5 38 65.5 <0.001 *
VET 13 41.9 18 58.1
HNC 32 65.3 17 34.7
Bachelor’s degree 24 82.8 5 17.2
University degree 23 88.5 3 11.5
OCCUPATION
Salaried 74 64.9 40 35.1 0.041 *
Unemployed 21 43.8 27 56.2
Others (Student, SE) 17 54.8 14 45.2
SECTOR
Administration 30 69.8 13 30.2 0.008 *
Unemployed 26 41.9 36 58.1
Healthcare 17 77.3 5 22.7
Services 11 52.4 10 47.6
Others (Industry, Education) 26 66.7 13 33.3
COUNTRY OF ORIGIN
Spain 106 59.9 71 40.1 0.082
Other 6 37.5 10 62.5
PARTNER’S OCCUPATION
Entrepreneur 15 71.4 6 28.6 0.305
Salaried worker 90 57.3 67 42.7
Int. J. Environ. Res. Public Health 2020, 17, 2910 7 of 12
Table 4. Cont.
Variable
Adequate HL Inadequate orLimited HL
n = 112 n = 81
N % n % p-Value
Others 7 46.7 8 53.3
DELIVERY TYPE
Spontaneous 56 55.4 45 44.6 0.201
Instrumental 30 69.8 13 30.2
C-section 26 53.1 23 46.9
SMOKER
Yes 24 42.1 33 57.9 0.004 *
No 88 64.7 48 35.3
PREGNANCY RISK
Low risk 96 62.3 58 37.7 0.016 *
High risk 16 41.0 23 59.0
* p < 0.05 Chi-Square or Fisher’s exact tests. HL: Health Literacy by Newest Vital Sign; VET: Vocational Education
and Training; HNC: Certificate of Higher Education (HNC); SE: Self-employed.
Finally, a multivariate logistic model was constructed with the variables that showed statistical
significance and clinical relevance to determine the magnitude of association with smoking during
pregnancy with the different explanatory variables (Table 5). Thus, we observed that limited and or
inadequate literacy was strongly associated with tobacco use, adjusted by catchment area and age of
first pregnancy, obtaining a model that fits well the data well (LRT p < 0.001; ROC curve = 0.71, 95% CI:
0.64–0.79).
Table 5. Multivariate logistic regression model for tobacco use during pregnancy (N = 193).
Variable Variable OR 95% CI p-Value
HEALTH LITERACY Adequate 1
Limited or
inadequate 2.39 (1.24–4.63) 0.010 *
AGE FIRST
PREGNANCY 0.94 (0.88–0.99) 0.027 *
CATCHMENT AREA Ribera 1
Xativa-Ontinyent 0.28 (0.11–0.71) 0.008 *
* p < 0.05.
4. Discussion
This study presents the evaluation of HL in women during the puerperium in Spain, and according
to their tobacco consumption. The results suggest that the level of HL is inversely associated with
tobacco consumption, as has been observed in other populations [36], but not so much as in pregnant
or postpartum women.
Moreover, a low HL has been related to being unmarried, having a low education level, being
unemployed, being a smoker, not quitting tobacco during gestation and having a high-risk pregnancy.
The relationship between socioeconomic status, education level and other factors, both in pregnant
women and in adults, have already reported tobacco use, and they coincide with our results [5,37–39].
Moreover, HL does not necessarily reflect what would otherwise be considered general literacy, given
the numbers of women with limited educational attainment showing adequate HL and the finding
that some women with high educational attainment showing limited or inadequate HL [11,13].
All these factors could be related to the intergenerational transmission of health inequalities,
as other studies have already found [40].
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The proportion of pregnant women who quit smoking during the first trimester and before
delivery coincides with previous studies [7], although no statistically significant differences were
found between the level of HL and smoking cessation during pregnancy. The associations are still
significant after adjusting for sociodemographic and clinical characteristics known to be associated
with the prevalence of tobacco use. Therefore, HL seems to be an associated factor with tobacco use,
and pregnant women with a lower HL may be more likely to continue to smoke during pregnancy.
Smoking during pregnancy has been associated with sociodemographic factors such as lower
economic level, high parity, having no partner or having a partner who smokes, having a lower
educational level and having a higher consumption of cigarettes the day before pregnancy [5].
Additionally, there are motivational factors involved such as not believing that tobacco affects the
health of the foetus or newborn or having smoked in previous pregnancies [41]. Moreover, determining
whether or not the women’s motivational aspects were the main reason for quitting smoking, or as a
result of the process, is difficult and was not considered in our study.
Few studies have investigated the relationship between HL and smoking; however, a study
conducted in Louisiana (USA) in 2001 estimated the relationship between HL and smoking risk
knowledge and attitudes among low-income pregnant smokers [39]. The results of these authors
indicated that a low HL was associated with lower knowledge of the risk of smoking and less negative
attitudes related to smoking. The profile of the woman included in the study, from 12 to 43 years
of age with low economic resources, is far from the characteristics of the women in our study. In a
systematic review in 2016, the relationship between these variables was evident in adolescents and
young adults [36].
The results observed in our study provide evidence that low HL can be an important and
independent association factor with tobacco use during pregnancy, contrary to what happens in other
groups [42,43]. The results also show that HL is related to sociodemographic characteristics and that it
can be an important element to explain the health disparities in pregnant women [14,43–45], since we
have been able to observe that the same determinants that mark tobacco use influence HL, and that it
is possible that HL may be a link between these groups.
Low HL could also hinder self-efficacy in complying with the therapeutic follow-up of the different
pharmacological approaches or behavioural techniques to quit smoking [46,47], and that stressful
environments that favour tobacco consumption may include factors that drive low HL. Perhaps
addressing or mitigating some of these common determinants could offer a benefit for HL and tobacco
use, or even prenatal planning that would facilitate smoking to be stopped before gestation in a planned
manner. This hypothesis should be trialled in future studies since it is beyond our main objective.
HL plays an important role in influencing how smokers respond to different risk messages [48].
It is crucial to tailor health promotion messages to women with low HL, as has already been proposed
by other authors [46,49]. Therefore, our findings highlight the importance of increasing awareness
of the impact of HL on suboptimal health behaviours, including tobacco use during pregnancy and
improving the training of healthcare workers to communicate clearly about the risks of smoking [43].
Once we have observed the association between HL and tobacco consumption, we could suggest that by
providing information according to the level of HL, we could make it more feasible for pregnant women
to quit smoking. Healthcare providers should be trained to communicate clearly with patients about
the health consequences of smoking, for example, use plain language, visual aids (e.g., pictographs),
and techniques such as the teach-back method to convey smoking health risks [42]. Different strategies
have been reported in the literature, such as the use of simple language, individual teaching, different
teaching methods, and electronic tools, all with positive results. Any specific communication or
training intervention in low HL groups would improve the individual’s understanding and self-care,
as different randomised clinical trials have concluded [50–53].
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4.1. Limitations
Firstly, our results are based on the validity of the responses to the self-reported questionnaire.
We are aware that measuring tobacco use through a self-reported questionnaire is a limitation and that
it would have been better also to carry out urine cotinine or carbon monoxide testing. Consequently,
the smoking rate observed may indeed underestimate the true ratio, due to the potential for socially
desirable responses by the participants. The factors most closely related to concealing one’s smoking
status have to do with the timing, and the quantity of tobacco consumed [7]. Some authors have observed
the deeply associated stigma with smoking in public while pregnant; therefore, our figures could be
even more concerning [31]. Secondly, the study design only allows us to report on associations and not
causal relationships. Therefore, future studies should investigate possible underlying bio-psycho-social
mechanisms between low HL and tobacco consumption during gestation and its cessation. In the
third place, the measurement of HL was carried out during the early puerperium (48 h postpartum).
We have assumed that HL is demonstrated consistently from the beginning to the end of pregnancy
and that during pregnancy, no substantial modification of HL is expected. This methodology has
already been used by different authors [37,46]. To our knowledge, no studies exist evaluating initial
and final HL levels without intervention in pregnant women, so future studies should look into this.
Finally, the economic status was not available as a variable, but we measured the education level,
occupation and activity, which are also socioeconomic status indicators in line with other authors [31].
4.2. Strengths
Probabilistic sampling was used to select the study population. Moreover, the estimated sample
size was reached, meeting the sample representativeness criterion, and the NVS tool is available
and freely accessible, both in Spanish and English. For all these reasons, the study demonstrates
its translational interest, since it prospectively identifies the population to which we can adapt the
information to achieve smoking cessation.
5. Conclusions
A low HL is associated with tobacco consumption during pregnancy. Whether low HL reflects the
wide constellation of already known socioeconomic, political and commercial determinants of tobacco
use, or whether incorporating HL support interventions strengthens tobacco cessation activities in
pregnancy, warrants further research. Still, it should be considered as essential to understanding the
health disparities related to its consumption.
Author Contributions: R.V.-C. Designed the protocol and led the project; R.V.-C. and F.J.S.-V. Collected the
necessary data; J.A.Q. and P.P.-R. performed the statistical analysis. R.V.-C., D.M.-T., E.N.-I., F.J.S.-V., E.C.-S. and
P.P.-R. wrote the first draft, with all authors providing critical comments. E.N.-I., R.V.-C. funding acquisition.
All authors contributed to the interpretation of results. All authors have read and agreed to the published version
of the manuscript.
Funding: Our research group has received funding through a competitive call from the Catholic University of
Valencia “San Vicente Mártir” (UCV) to carry out this study (UCVPRO.18-19.AII.10).
Acknowledgments: The authors wish to thank the Catholic University of Valencia “San Vicente Mártir” and La
Ribera University Hospital for their support and participation in the project and all study participants. ECS is
affiliated with the National Institute for Health Research Health Protection Research Unit (NIHR HPRU) [grant
number HPRU-2012-10047] in Healthcare Associated Infections and Antimicrobial Resistance at Imperial College
London in partnership with Public Health England (PHE), he is an NIHR Senior Nurse and Midwife Research
Leader, and acknowledges the support of the NIHR Biomedical Research Centre. The views expressed are those of
the author(s) and not necessarily those of the NHS, the NIHR, the Department of Health or Public Health England.
Conflicts of Interest: The authors declare no conflict of interest.
Int. J. Environ. Res. Public Health 2020, 17, 2910 10 of 12
References
1. Frazer, K.; Callinan, J.E.; McHugh, J.; van Baarsel, S.; Clarke, A.; Doherty, K.; Kelleher, C. Legislative smoking
bans for reducing harms from secondhand smoke exposure, smoking prevalence and tobacco consumption.
Cochrane Database Syst. Rev. 2016, 2, CD005992. [CrossRef]
2. WHO. WHO Report on the Global Tobacco Epidemic. 2009. Available online: http://www.who.int/tobacco/
mpower/2009/en/ (accessed on 3 April 2020).
3. Pineles, B.L.; Hsu, S.; Park, E.; Samet, J.M. Systematic Review and Meta-Analyses of Perinatal Death and
Maternal Exposure to Tobacco Smoke during Pregnancy. Am. J. Epidemiol. 2016, 184, 87–97. [CrossRef]
4. Faber, T.; Kumar, A.; Mackenbach, J.P.; Millett, C.; Basu, S.; Sheikh, A.; Been, J.V. Effect of tobacco control
policies on perinatal and child health: A systematic review and meta-analysis. Lancet Public Health 2017, 2,
e420–e437. [CrossRef]
5. Smedberg, J.; Lupattelli, A.; Mårdby, A.-C.; Nordeng, H. Characteristics of women who continue smoking
during pregnancy: A cross-sectional study of pregnant women and new mothers in 15 European countries.
BMC Pregnancy Childbirth 2014, 14, 213. [CrossRef]
6. Lange, S.; Probst, C.; Rehm, J.; Popova, S. National, regional, and global prevalence of smoking during
pregnancy in the general population: A systematic review and meta-analysis. Lancet Glob. Health 2018, 6,
e769–e776. [CrossRef]
7. Vila Candel, R.; Soriano-Vidal, F.J.; Hevilla Cucarella, E.; Castro-Sánchez, E.; Martin-Moreno, J.M. Tobacco
use in the third trimester of pregnancy and its relationship to birth weight. A prospective study in Spain.
Women Birth 2015, 28, e134–e139. [CrossRef]
8. Maitre, L.; de Bont, J.; Casas, M.; Robinson, O.; Aasvang, G.M.; Agier, L.; Andrušaityte˙, S.; Ballester, F.;
Basagaña, X.; Borràs, E.; et al. Human Early Life Exposome (HELIX) study: A European population-based
exposome cohort. BMJ Open 2018, 8, e021311. [CrossRef]
9. Iñiguez, C.; Ballester, F.; Amorós, R.; Murcia, M.; Plana, A.; Rebagliato, M. Active and passive smoking
during pregnancy and ultrasound measures of fetal growth in a cohort of pregnant women. J. Epidemiol.
Community Health 2012, 66, 563–570. [CrossRef]
10. Anderson, C.L.; Becher, H.; Winkler, V. Tobacco Control Progress in Low and Middle Income Countries in
Comparison to High Income Countries. Int. J. Environ. Res. Public Health 2016, 13, 1039. [CrossRef]
11. Sørensen, K.; Van den Broucke, S.; Fullam, J.; Doyle, G.; Pelikan, J.; Slonska, Z.; Brand, H.; (HLS-EU)
Consortium Health Literacy Project European. Health literacy and public health: A systematic review and
integration of definitions and models. BMC Public Health 2012, 12, 80. [CrossRef]
12. Baker, D.W. The meaning and the measure of health literacy. J. Gen. Intern. Med. 2006, 21, 878–883. [CrossRef]
13. Nutbeam, D. The evolving concept of health literacy. Soc. Sci. Med. 2008, 67, 2072–2078. [CrossRef]
14. Haun, J.N.; Valerio, M.A.; McCormack, L.A.; Sørensen, K.; Paasche-Orlow, M.K. Health literacy measurement:
An inventory and descriptive summary of 51 instruments. J. Health Commun. 2014, 19 (Suppl. 2), 302–333.
[CrossRef]
15. Sørensen, K.; Pelikan, J.M.; Röthlin, F.; Ganahl, K.; Slonska, Z.; Doyle, G.; Fullam, J.; Kondilis, B.; Agrafiotis, D.;
Uiters, E.; et al. Health literacy in Europe: Comparative results of the European health literacy survey
(HLS-EU). Eur. J. Public Health 2015, 25, 1053–1058. [CrossRef]
16. Perez-Rios, M.; Fernandez, E.; Schiaffino, A.; Nebot, M.; Lopez, M.J. Changes in the Prevalence of Tobacco
Consumption and the Profile of Spanish Smokers after a Comprehensive Smoke-Free Policy. PLoS ONE 2015,
10, e0128305. [CrossRef]
17. Vilca Yengle, L.M.; Campins Martí, M.; Cabero Roura, L.; Rodrigo Pendás, J.A.; Martínez Gómez, X.;
Hermosilla Pérez, E.; Vaqué Rafart, J. [Influenza vaccination in pregnant women. Coverage, practices and
knowledge among obstetricians]. Med. Clin. 2010, 134, 146–151. [CrossRef]
18. Lee, S.-Y.D.; Stucky, B.D.; Lee, J.Y.; Rozier, R.G.; Bender, D.E. Short Assessment of Health Literacy-Spanish
and English: A comparable test of health literacy for Spanish and English speakers. Health Serv. Res. 2010,
45, 1105–1120. [CrossRef]
19. Castro-Sánchez, E.; Chang, P.W.S.; Vila-Candel, R.; Escobedo, A.A.; Holmes, A.H. Health literacy and
infectious diseases: Why does it matter? Int. J. Infect. Dis. 2016, 43, 103–110. [CrossRef]
20. Morrison, A.K.; Schapira, M.M.; Hoffmann, R.G.; Brousseau, D.C. Measuring health literacy in caregivers of
children: A comparison of the newest vital sign and S-TOFHLA. Clin. Pediatr. 2014, 53, 1264–1270. [CrossRef]
Int. J. Environ. Res. Public Health 2020, 17, 2910 11 of 12
21. Warsh, J.; Chari, R.; Badaczewski, A.; Hossain, J.; Sharif, I. Can the Newest Vital Sign be used to assess health
literacy in children and adolescents? Clin. Pediatr. 2014, 53, 141–144. [CrossRef]
22. Weiss, B.D.; Mays, M.Z.; Martz, W.; Castro, K.M.; DeWalt, D.A.; Pignone, M.P.; Mockbee, J.; Hale, F.A. Quick
assessment of literacy in primary care: The newest vital sign. Ann. Fam. Med. 2005, 3, 514–522. [CrossRef]
[PubMed]
23. Morris, N.S.; MacLean, C.D.; Chew, L.D.; Littenberg, B. The Single Item Literacy Screener: Evaluation of a
brief instrument to identify limited reading ability. BMC Fam. Pract. 2006, 7, 21. [CrossRef] [PubMed]
24. Dickens, C.; Piano, M.R. Health literacy and nursing: An update. Am. J. Nurs. 2013, 113, 52–57. [CrossRef]
[PubMed]
25. Hersh, L.; Salzman, B.; Snyderman, D. Health Literacy in Primary Care Practice. Am. Fam. Physician 2015, 92,
118–124. [PubMed]
26. León-Gómez, B.B.; Colell, E.; Villalbí, J.R.; Barrio, G.; Domingo-Salvany, A. Impact of smoke-free regulations
on smoking prevalence trends in Spain. Eur. J. Public Health 2017, 27, 123–128. [CrossRef]
27. Lidón-Moyano, C.; Fu, M.; Ballbè, M.; Martín-Sánchez, J.C.; Matilla-Santander, N.; Martínez, C.; Fernández, E.;
Martínez-Sánchez, J.M. Impact of the Spanish smoking laws on tobacco consumption and secondhand smoke
exposure: A longitudinal population study. Addict. Behav. 2017, 75, 30–35. [CrossRef]
28. Tobacco and Inequities. Guidance for Addressing Inequities in Tobacco-Related Harm. 2014. Available
online: http://www.euro.who.int/en/health-topics/disease-prevention/tobacco/publications/2014/tobacco-
and-inequities.-guidance-for-addressing-inequities-in-tobacco-related-harm-2014 (accessed on 3 April
2020).
29. Parisod, H.; Axelin, A.; Smed, J.; Salanterä, S. Determinants of tobacco-related health literacy: A qualitative
study with early adolescents. Int. J. Nurs. Stud. 2016, 62, 71–80. [CrossRef]
30. Yang, R.; Li, D.L.; Wan, Y.H.; Xu, H.L.; Wang, W.; Xu, H.Q.; Wang, S.S.; Tao, F.B.; Zhang, S.C. [Association of
health literacy and smoking behaviors among middle school students in six cities of China]. Zhonghua Yu
Fang Yi Xue Za Zhi 2019, 53, 1265–1270. [CrossRef]
31. Grant, A.; Morgan, M.; Gallagher, D.; Mannay, D. Smoking during pregnancy, stigma and secrets: Visual
methods exploration in the UK. Women Birth 2020, 33, 70–76. [CrossRef]
32. Kahn, R.S.; Certain, L.; Whitaker, R.C. A reexamination of smoking before, during, and after pregnancy. Am.
J. Public Health 2002, 92, 1801–1808. [CrossRef]
33. DiClemente, C.C.; Dolan-Mullen, P.; Windsor, R.A. The process of pregnancy smoking cessation: Implications
for interventions. Tob. Control 2000, 9 (Suppl. 3), III16-21. [CrossRef]
34. Wen, K.-Y.; Miller, S.M.; Kilby, L.; Fleisher, L.; Belton, T.D.; Roy, G.; Hernandez, E. Preventing postpartum
smoking relapse among inner city women: Development of a theory-based and evidence-guided text
messaging intervention. JMIR Res. Protoc. 2014, 3, e20. [CrossRef] [PubMed]
35. Delanoë, A.; Lépine, J.; Leiva Portocarrero, M.E.; Robitaille, H.; Turcotte, S.; Lévesque, I.; Wilson, B.J.;
Giguère, A.M.C.; Légaré, F. Health literacy in pregnant women facing prenatal screening may explain their
intention to use a patient decision aid: A short report. BMC Res. Notes 2016, 9, 339. [CrossRef]
36. Sansom-Daly, U.M.; Lin, M.; Robertson, E.G.; Wakefield, C.E.; McGill, B.C.; Girgis, A.; Cohn, R.J. Health
Literacy in Adolescents and Young Adults: An Updated Review. J. Adolesc. Young Adult Oncol. 2016, 5,
106–118. [CrossRef]
37. Fawns-Ritchie, C.; Starr, J.M.; Deary, I.J. Health literacy, cognitive ability and smoking: A cross-sectional
analysis of the English Longitudinal Study of Ageing. BMJ Open 2018, 8, e023929. [CrossRef]
38. Hoekzema, L.; Werumeus Buning, A.; Bonevski, B.; Wolke, L.; Wong, S.; Drinkwater, P.; Stewart, K.; George, J.
Smoking rates and smoking cessation preferences of pregnant women attending antenatal clinics of two
large Australian maternity hospitals. Aust. N. Z. J. Obstet. Gynaecol. 2014, 54, 53–58. [CrossRef]
39. Arnold, C.L.; Davis, T.C.; Berkel, H.J.; Jackson, R.H.; Nandy, I.; London, S. Smoking status, reading level, and
knowledge of tobacco effects among low-income pregnant women. Prev. Med. 2001, 32, 313–320. [CrossRef]
40. Kitano, N.; Shiroyama, T.; Suzuki, K.; Yamano, T.; Tomiyama, M.; Ueno, M.; Takatsuji, M. School Health
Board of the Hidaka Medical Association Association of household smoking status in childhood with young
adults’ educational attainment and smoking status: Results from a series of population-based cross-sectional
surveys in Japan. Prev. Med. Rep. 2020, 18, 101066. [CrossRef]
41. Mund, M.; Louwen, F.; Klingelhoefer, D.; Gerber, A. Smoking and Pregnancy—A Review on the First Major
Environmental Risk Factor of the Unborn. Int. J. Environ. Res. Public Health 2013, 10, 6485–6499. [CrossRef]
Int. J. Environ. Res. Public Health 2020, 17, 2910 12 of 12
42. Stewart, D.W.; Adams, C.E.; Cano, M.A.; Correa-Fernández, V.; Li, Y.; Waters, A.J.; Wetter, D.W.; Vidrine, J.I.
Associations between health literacy and established predictors of smoking cessation. Am. J. Public Health
2013, 103, e43–e49. [CrossRef]
43. Stewart, D.W.; Cano, M.A.; Correa-Fernández, V.; Spears, C.A.; Li, Y.; Waters, A.J.; Wetter, D.W.; Vidrine, J.I.
Lower health literacy predicts smoking relapse among racially/ethnically diverse smokers with low
socioeconomic status. BMC Public Health 2014, 14, 716. [CrossRef] [PubMed]
44. Volandes, A.E.; Paasche-Orlow, M.K. Health literacy, health inequality and a just healthcare system. Am. J.
Bioeth. 2007, 7, 5–10. [CrossRef] [PubMed]
45. Sheridan, S.L.; Halpern, D.J.; Viera, A.J.; Berkman, N.D.; Donahue, K.E.; Crotty, K. Interventions for
individuals with low health literacy: A systematic review. J. Health Commun. 2011, 16 (Suppl. 3), 30–54.
[CrossRef] [PubMed]
46. Castro-Sánchez, E.; Vila-Candel, R.; Soriano-Vidal, F.J.; Navarro-Illana, E.; Díez-Domingo, J. Influence of
health literacy on acceptance of influenza and pertussis vaccinations: A cross-sectional study among Spanish
pregnant women. BMJ Open 2018, 8, e022132. [CrossRef]
47. Berkman, N.D.; Sheridan, S.L.; Donahue, K.E.; Halpern, D.J.; Crotty, K. Low health literacy and health
outcomes: An updated systematic review. Ann. Intern. Med. 2011, 155, 97–107. [CrossRef]
48. Hoover, D.S.; Wetter, D.W.; Vidrine, D.J.; Nguyen, N.; Frank, S.G.; Li, Y.; Waters, A.J.; Meade, C.D.; Vidrine, J.I.
Enhancing Smoking Risk Communications: The Influence of Health Literacy and Message Content. Ann.
Behav. Med. 2018, 52, 204–215. [CrossRef]
49. Vila-Candel, R.; Soriano-Vidal, F.J.; Castro-Sánchez, E. [Midwives, vaccines and health literacy: An
underexplored relationship?]. Gac. Sanit. 2016, 30, 403. [CrossRef]
50. Natavio, M.F.; Cortessis, V.K.; Zite, N.B.; Ciesielski, K.; Eggers, H.; Brown, N.; Segall-Gutierrez, P. The use of
a low-literacy version of the Medicaid sterilization consent form to assess sterilization-related knowledge
in Spanish-speaking women: Results from a randomized controlled trial. Contraception 2018, 97, 546–551.
[CrossRef]
51. Morony, S.; Weir, K.R.; Bell, K.J.L.; Biggs, J.; Duncan, G.; Nutbeam, D.; McCaffery, K.J. A stepped wedge
cluster randomised trial of nurse-delivered Teach-Back in a consumer telehealth service. PLoS ONE 2018, 13,
e0206473. [CrossRef]
52. Jibaja-Weiss, M.L.; Volk, R.J.; Granchi, T.S.; Neff, N.E.; Robinson, E.K.; Spann, S.J.; Aoki, N.; Friedman, L.C.;
Beck, J.R. Entertainment education for breast cancer surgery decisions: A randomized trial among patients
with low health literacy. Patient Educ. Couns. 2011, 84, 41–48. [CrossRef]
53. Solhi, M.; Abbasi, K.; Ebadi Fard Azar, F.; Hosseini, A. Effect of Health Literacy Education on Self-Care in
Pregnant Women: A Randomized Controlled Clinical Trial. Int. J. Community Based Nurs. Midwifery 2019, 7,
2–12. [CrossRef] [PubMed]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
